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ABSTRACT 


Economic  Analysis  enjoys  widespread  use  in  the  Department  of  Defense 
as  an  aid  to  insure  that  available  funding  is  invested  wisely.  The  post 
data  collection  stage  of  a  cost  study  requires  that  analytical  techniques, 
cqllectively  termed  ’^economic  analysis’*^,  be  performed.  The  resulting 
’’^number  crunching”^  (pre-decision  making  stage),  when  performed  manually, 
may  require  hours  to  complete.  A1  is  an  interactive  BASIC  program  modeled 
after  format  A-1  found  in  Army  regulation  11-28.  Written  for  the  IBM  PC, 
it  may  readily  be  converted  for  use  with  microcomputer  systems  throughout 
the  Department  of  Defense.  A1  is  easy  to  use,  requiring  no  computer 
experience.  The  results  are  highly  reliable,  with  human  error  reduced  to 
a  minimum.  A1  enjoys  a  high  degree  of  applicability  and  allows  for 
multiple  runs  (sensitivity  analysis)  with  a  minimum  of  effort. 

IKTRQDtXTION 

Economic  Analysis  is  among  the  most  useful  of  tools  employed  by  the 
cost  analysis  community.  The  typical  cost  analyst  spends  much  time  in  the 
collection  and  processing  of  data  into  a  meaningful  form.  As  such,  it  is 
important  for  one  to  have  access  to  a  computer  program  which  allows  for 
rapid  processing  of  cost  data.  This  program  should  consider  not  only 
recurring  costs  and  investment  costs,  but  also  those  associated  with 
employing  and  replacing  existing  assets,  the  terminal  value  of  the  new 
investment,  and  the  cost  avoidance  experienced  when  the  proposed  system 
precludes  requirements  to  refurbish  or  modify  elements  of  the  present 
system.  Program  Ai  satisfies  these  requirements,  performing  all  necessary 
mathematical  operations  within  user  defined  parameters. 

The  intent  of  this  paper  is  to  introduce  an  economic  analysis  program 
tailored  for  use  with  the  office  microcomputer.  It  is  assumed  that  the 
reader  is  familiar  with  the  mathematics  used  in  performing  economic 
analysis,  and  as  such,  the  development  of  those  rudimentary  mathematical 
techniques  is  not  considered. 

TERMINOLOGY 

In  order  that  the  prospective  user  become  familiar  with  the  economic 
analysis  terminology  required  to  use  Al ,  the  following  definitions  are 
given.  Included  with  each  definition  is  a  description  of  how  those  costs 
associated  with  the  defined  element  are  treated  in  the  program. 

Operating  (Recurring)  Costs.  The  operating  costs  for  both  the  present 
and  proposed  alternatives  must  be  annualized  and  will  include  any 
identifiable  recurring  costs  associated  with  each  alternative.  Consumable 
material,  labor,  overhead,  and  support  costs  are  all  examples  of  recurring 
costs.  Al  discounts  the  annual  savings  for  both  alternatives  and  sums  each 
over  the  project  life. 

Investments  Costs.  The  investment  costs  for  the  proposed  system 
include  all  non-recurring  (one-time)  costs  grouped  by  project  year. 
Equipment  acquisition  and  refurbishment,  research  and  development,  and 
construction  costs  are  examples  of  non-recurring  costs.  Al  discounts  the 
annual  investment  costs  and  sums  them  over  the  project  life. 


Existing  Assets  finployed.  The  value  of  existing  assets  required  by 
the  proposed  system.  V^en  applicable,  the  salvage  value  of  the  existing 
asset,  discounted  to  the  end  of  the  last  year  of  the  economic  life,  should 
be  subtracted  from  the  asset's  current  value.  This  insures  that  the 
existing  asset's  residual  value  at  the  end  of  the  project  is  captured.  A1 
discounts  the  value  of  existing  assets  employed,  then  adds  that  value  to 
the  discounted  investment  cost. 

Value  of  Existing  Assets  Replaced.  The  value  associated  with  assets 
no  longer  required  under  the  proposed  system;  i.e.,  the  salvage  value  of 
the  replaced  assets.  Al  discounts  the  value  of  replaced  assets  and 
subtracts  that  value  from  the  discounted  investment  cost. 

Terminal  Value.  An  estimate  of  the  value  of  land,  buildings,  and 
equipment  (new  investment)  at  the  end  of  their  useful  life.  Al  di.'counts 
the  terminal  value  to  the  end  of  the  final  project  year  and  subtracts  that 
value  from  the  discounted  investment  cost. 

Refurbishment  or  Modification  Eliminated.  Cost  avoidance  resulting 
when  the  requirement  to  refurbish  or  modify  existing  equipment  is 
eliminated  through  the  implementation  of  the  proposed  system.  Al  discounts 
the  refurbishment  or  modification  eliminated  savings,  then  adds  those 
savings  to  the  discounted  total  savings. 

Sav ings-Investnmnt  Ratio.  The  ratio  of  the  estimated  present  value 
savings  to  present  value  investment  cost. 

Return  on  Investment.  The  percent  return  on  investment.  The  return 
on  investment  is  calculated  based  upon  the  DOD  mandated  ten  percent,  mid¬ 
year  present  value  formula.  Al  employs  a  trial  and  error  approach  which 
drives  the  savings  investment  ratio  to  one.  The  discount  factor  used  to 
accomplish  this  is  the  return  on  investment  value. 

USIHG  THE  PROGRAM 

In  order  to  illustrate  the  results  obtained  using  Al ,  the  following 
example  is  given.!  The  Rutherford  B.  Hayes  Army  Depot  is  seeking  the  least 
costly  method  of  removing  paint  from  a  component  of  the  M355  Armament 
System.  Presently,  solvent  is  brushed  onto  the  component  and  then  the 
paint  is  scraped  off  by  hand.  One  proposal  suggests  that  automatic  dip 
tanks  be  used  to  remove  the  paint.  This  method  significantly  reduces  both 
labor  and  building  maintenance  costs.  The  economic  life  is  eight  years, 
with  benefits  occurring  in  project  year  three.  Cost  data  is  given  in 
Figure  1.  The  data  from  Figure  1  is  entered  into  the  computer  as  listed 
(See  Appendix  V),  with  the  exception  of  the  value  of  existing  assets 
employed.  Here,  the  building's  discounted  salvage  value  ($158,900  x  .368  = 
$58,475)  is  subtracted  from  the  current  value  of  existing  assets  required 
($240,900),  resulting  in  a  net  value  of  $182,425.  Figure  2  is  the  printout 
produced  by  Al . 


!  Example  is  from  the  DARCOM  Pamphlet  for  Economic  Analysis,  June  1984. 
Please  refer  to  this  for  details. 
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Btttherford  B.  Hayes  Ariny  Depot 
Removal  of  Paint  from  1055  Armament  System 


i 

Alternative  1:  Brush 

and  Scrape 

• 

* 

Operating  Costs 

PY's  1-3 

$ 

908,480 

(Labor,  Material 

PY  4 

1 

,051,560 

j 

Bui Iding  Maint. , 
Forklift  Oper.,  Etc.) 

PY's  5-10 

1 

,058,560 

* 

Current  Assets 

PY  2 

$ 

130,843 

Required  (Bldg.  1-40) 

1 

* 

Salvage  Value 

None 

Alternative  2:  Automatic  Dip  Tanks 

2i 

* 

Operating  Costs 

PY  1  &  2 

$ 

908,480 

1 

(Labor,  Material, 

PY  3-10 

$ 

759,660 

Building  Maint. , 
Forklift  Oper.,  Etc.) 

* 

Current  Assets 

PY  0 

$ 

222,400 

(Bldg.  ) 

1 

Required  (Bldg.  1-12, 

18.500 

(Conveyor) 

If 

Two  Bays  &  Overhead 
Conveyor) 

Total  PY-0 

$ 

240,900 

* 

•• 

* 

Current  Assets 

Replaced  (Bldg.  1-40) 

PY  2 

$ 

130,843 

1 

* 

New  Investment 

PY  1 

$ 

126,400 

(Dip  Tanks) 

■! 

45,500 

58.000 

(Drying  Comp. ) 
(Fac i 1 i ty  Mod . ) 

•! 

Total  PY-1 

$ 

229,000 

i 

PY  2 

$ 

87,000 

(Fac i 1 i ty  Mod . ) 

10.000 

(Training) 

;*• 

$ 

97,000 

1  • 

r* 

PY  8 

$ 

28,000 

(Tank  Re  line) 

■ 

"■a 

* 

Salvage  Value 

End  of  PY  10 

$ 

14,000 

(Process  Equip) 

$ 

158,900 

(Bldg.  1-12) 

1^. 


Figure  1  -  Suinnary  of  Costs 


Referring  to  Figure  2,  note  that  the  proposed  alternative  (automatic 
dip  tanks)  is  the  preferred  one,  with  a  savings-investment  ratio  equal  to 
3.306  and  a  return  on  investment  which  is  highly  desirable  at  37.125 
percent . 

PBOGRAIf  AIBATCH  AND  EDLIN 

Program  AIBATCH  is  a  variant  of  Al  which  employs  data  files  created 
using  the  system's  line  editor  (EDLIN  in  IBM's  DOS  2.0).  Upon  the 
execution  of  AIBATCH,  the  user  is  prompted  only  for  a  data  filename.  In 
order  to  access  IBM's  line  editor,  one  must  enter  EDLIN  (filename)  after 
the  system  prompt.  If  a  file  already  exists  under  the  specified  filename, 
an  end  of  file  message  is  listed  on  the  monitor.  If  the  file  is  new,  then 
a  new  file  message  is  listed.  When  creating  a  new  file,  enter  the  letter  i 
after  the  EDLIN  prompt.  Now,  begin  entering  the  data  line  by  line.  When 
data  entry  is  complete,  press  the  two  key  combination  of  CTRL-BREAK  to  exit 
from  the  data  input  mode.  The  newly  created  file  may  be  saved  by  entering 
the  letter  e  after  the  EDLIN  prompt.  Once  the  file  is  saved,  control  is 

shifted  to  the  coirmand  mode.  Refer  to  the  IBM  DOS  Reference  Manual  for 

additional  information  on  the  use  of  the  line  editor. 

AIBATCH  uses  sequential  access  files,  and  the  only  file  structure 

requirement  is  that  the  data  be  entered  sequentially  and  separated  by 
comnas.  A  suggested  format  for  the  data  file  is  given  in  Figure  3. 

When  using  a  separate  diskette  to  store  data  files,  place  the  program 
diskette  in  drive  B  and  the  data  diskette  in  drive  A.  Load  the  program 
using  the  BASIC  comnand,  LOAD  "B:A1BATCH".  If  only  one  drive  is  available, 
load  the  program  first,  then  replace  the  program  diskette  with  the  data 
diskette. 

SENSITIVITY  ANALYSIS 

Al  is  ideally  suited  for  sensitivity  analysis.  Select  the 
parameter(s)  which  appear  to  be  major  costs  drivers.  After  changing  the 

selected  parameters,  re-execute  the  program. 

In  order  to  examine  the  effects  of  changing  a  system  parameter,  refer 
to  the  original  data  in  Figure  1.  Suppose  that  the  annual  building 

maintenance  cost  is  $100,000  higher  than  first  estimated.  This  results  in 
an  increase  in  the  annual  operating  cost  from  $759,660  to  $859,600.  The 
program  is  re-executed  using  the  revised  operating  costs  with  the  results 
shown  in  Figure  4. 

SUMMARY 

Al  is  an  interactive  program  which  prompts  the  user  for  input  data. 
This  program  is  ideally  suited  for  the  analyst  with  limited  con^uter 

experience.  Since  AIBATCH  reads  data  directly  from  an  existing  file, 
experience  using  such  files  is  necessary.  Either  program  will  prove  a 

valuable  tool  for  anyone  actively  engaged  in  economic  analysis. 
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+  +****♦*  t  m  #  Economic  AnalvEi!? 


I- ormat  A-  1  ♦  * )*t ♦  ;)( f  * sf:**  ♦  ♦  *  t  ♦ 


Project  Title:  Modi f i cat i on  of  the  M355  Armament  System 

Date  of  Analysis;  4  June  FYXX 

Present  Alternative;  Eirush  ?<  Scrape 

Proposed  Alternative:  Automatic  Dip  Tanks 

F-roiect  Life  :  lii  Years 

Economic  Life  :  8  Years 

F'roiect  Operations  Differential  Disca(.(nt  Present  Valu 


Year 

Present 

Proposed 

Cost 

F  actor 

Diff,  Co 

1 

908480 

90848':' 

.  954 

908400 

908480 

1) 

.  867 

i) 

908480 

759660 

148820 

.  788 

i  17270 

4 

I  -TS 1 56':> 

759660 

79  ]  cpno 

.717 

t9';‘9-7 

1058560 

V5P660 

298900 

.  6512 

194883 

6 

I 058560 

759660 

Z'YaVOu 

.  592 

176949 

1 058560 

759660 

298900 

.  538 

160808 

8 

1 058560 

759660 

298900 

.  489 

146162 

1 058560 

759660 

290000 

.  445 

133011 

1 0 

1 058560 

759660 

298900 

.  405 

121055 

T  Dt  al 

125943 

Total 

p-resent  Value  of  f'lei-j 

Jnvestifient : 

31 7116 

Val  ue 

of  E>;i  sting 

Assets 

Empl oved : 

182425 

'■■'al  ue 

of  Existinq 

Assets 

Replaced : 

1 13441 

Discounted  Terminal  Y’alue  of  Investment;  5152 


Total  ilew  Present  Value  of  Investment;  380948 
Present  Value?  of  Cost  Savings  (Operations);  1259430 
P'.V.  Cost  of  Fl'efurb.  or  Mod.  Eliminated:  O 

Total  Present  Value  of  Savings:  1259430 

Savi nqs / Investment  Rati o:  3. 306 

Pieturn  on  Investment;  37.125 

T  T  *  ♦,  T  *  *  *  *  +  Investment  -•  Assets  Data  K if 


l-TO  1  KCt. 

Investment 

Amount 

Di scount 
r  actor 

Present 
Val  ue 

! 

0 

2299v"") 

970OCi 

28':*':*':' 

954 
.  86  7 
.  489 

219325 

84099 

1 3692 

l-ro  1  Br  t 

V  B  ;H  r 

I::;:  1  =  t  A=Eet: 

d  1  LI B 

Di scoun  h 

I-  act  or 

Pr  esent 
Va  1  ue 

1  1 

) 82425 

1 

182425 

l-T  Q  I  r--  + 

i  e  r 

Repl  Asset 

Val  UG 

Di scount 

T  -  actor 

F'r  esent 
Val  ue 

1  3':'a43 

.86  7 

1 1 3441 

h  r  o  1  ec:  t 
year 

Ter mi nal 

Vai  '..le 

Di scount 

F actor 

Present 
Val  ue 

1  j 

1 4':»:"  1 

.  368 

5152 

Figure  2  -  Printout  of  Results 


1.  Project  Name,  Date  of  Analysis 

2.  Present  Alternative 

3.  Proposed  Alternative 

4.  Project  Life,  First  Year  of  Economic  Life 


5.  Present  Operating  Costs  (Cl,  C2, . ,CN) 

6.  Proposed  Operating  Costs  (Cl,  C2, . ,C31) 

7.  Number  of  Years  of  Investment 


8.  Project  Year  of  Investment,  Amount  of  Investment  (PYl,  INVl,  PY2, 

INV2,...PYN,  INVN) 

9.  Number  of  Existing  Assets  Employed 

10.  Project  Year  Employed,  Net  Value  of  Assets  Employed  (PYl,  AEl ,  PY2, 

AE2,...PYN,  AEN) .  Skip  if  zero  entered  in  9. 

11.  Number  of  Existing  Assets  Replaced 

12.  Year  Asset  Replaced,  Net  Value  of  Asset  Replaced  (PYl,  ARl,  PY2, 

AR2 . . PYN,  ARN).  Skip  if  zero  entered  in  11. 

13.  Undiscounted  Terminal  Value 

14.  Number  of  Items  Requiring  Refurbishment/Mod i f icat ion 

15.  Project  Year  Refurbished/Modification  Eliminated,  Net  Value  o 

Refurb i shment /Mod i f icat ion  Elimination  (PYl,  RM1,...PYN,  RMN).  Skip 
if  zero  entered  in  14. 


Figure  3  -  Data  File  Format  for  AIBATCH 


tldKloli#*******^*  tconomic  Anc-^lvsis  --  Format  A-1  ***♦****  +  *)((*♦  +  + 


F’roiect  Title:  Hodification  of-  the  H355  Armament  Svstem 

Date  of  Analysis:  4  June  FYXX 

Present  A1  ternati  N'e:  Brush  ?;  Scrape 

Proposed  Alternative:  Automatic  E>i  p  Tanhs 

F'roiect  Li-fe  :  IX'  Years 

Economic  Lite  :  8  Years 

F'roiect  Operations  Ditterential  Ehscount  Present  ','alue 


Year 

Present 

P'roposed 

1 

1 

1 

1 

i  o 

1  0 

1  in 
i  rt 
i 

1 

1 

Fact or 

Diff.  Co 

1 

908480 

90848':- 

Q 

.  954 

0 

c‘ 

908480 

9':)84a':) 

»  I 

.  867 

908480 

859660 

48820 

.  788 

3847-  - 

i 

1  05 1 56':) 

85966':- 

1  O  1  6i  iiY 

.  ?1  7 

13-/592 

1  'DSeSEO 

859660 

1 9S90<:) 

.  652 

129683 

1  '1)58560 

859660 

1 98'-y'  ><:) 

.  592 

1 1 7749 

"7 

1 058560 

859660 

1 989':'':* 

-  538 

1  ':)7(:'08 

8 

1 058560 

859£56'‘) 

1  OQpr.n 

.  489 

97262 

Q 

1 058560 

859660 

1 989' )':- 

.  445 

885 1 1 

i 

1  ■.:)5B560 

859660 

1989-..)0 

.  405 

80555 

T  nt  a  1 

796830 

Tot  a  t 

F r  e s e n 't  V a  1  u e  of  M e w 

Investment: 

3 1  7 1  1  6 

'  ‘al  ue 

of  Evi sting 

Assets  Employed: 

182425 

'■  ’al  ue 

of  Existing 

Assets  F; 

epl aced: 

1 13441 

[.'1  scDuinted  Terminal  Y'alue  of  Investment:  5152 


!  a  I  Mew  FVesent.  Value  of  Investment:  380948 

Present  Value  of  Cost  Savings  (Operations):  796330 

(  Cost  of  Refurb.  or  Mod.  Eliminated: 

Total  F-'resent  Value  of  Savings;  796830 
Yiavi  nqs/ Investment  Ratio:  2.092 
Return  on  Investment:  24.750 

+  +  *  +  ♦  Y  t +  Investment  -■  Assets  Data  f#  *  *  *  if  *  if 


Fro  1 ect 

Investment 

Di scount 

Present 

rear 

Amount 

F  actor 

Val  ue 

I 

229900 

.  954 

21  <^325 

Q  7 

.  867 

84099 

8 

2Et':":)':' 

.  489 

13692 

F-'r  o  1  ect 

E;;  1  st  Asset 

Di scount 

Present 

V  ear 

Value 

F  actor 

Val  ue 

i  1 

182425 

1 

182425 

F-to  1  ec  t 

Repl  '^sset 

Di scount 

Present 

rear 

Val  ue 

Factor 

Value 

130843  .067  113441 


F  TO  1  ect 

T  ermi nal 

Di scount 

Present 

Y  :r  1  r 

Val  ue 

r  actor 

Value 

1  1 

.  368 

5152 

Figure  4  -  Sensitivity  Analysis 
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A1  Program  Listing 
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Date  of  Analysis 
Proposed  Alternative 
Number  of  Project  Years 
First  Year  of  Economic  Life 
Present  Operating  Cost  (Year  I) 

Proposed  Operating  Cost  (year  I) 

Number  of  Years  of  Investment 
Project  Year  of  Investment  I 
Investment  in  Year  I 
Number  of  Existing  Assets  Employed 
Project  Year  Asset  I  Employed 
Value  of  Asset  I 

Number  of  Existing  Assets  Replaced 
Project  Year  Asset  I  Replaced 
Value  of  Asset  I 
Terminal  Value 

Number  of  Items  Requiring  Refurbishment  or  Modification 

Year  Item  I  Requires  Refurbishment  or  Modification 

Cost  of  Refurbishment  or  Modification  in  Year  I 

Sum  of  Present  Operating  Costs 

Sum  of  Proposed  Operating  Costs 

Differential  Cost  for  Year  I 

Sum  of  Differential  Costs 

Present  Value  Differential  Cost  for  Year  I 

Sum  of  Present  Value  Differential  Cost 

Savings  in  Year  I  (ROI) 

Present  Value  Investment  Cost  for  Year  I 
Sum  of  Present  Value  Differential  Cost 
Investment  in  Year  I  (ROI) 

Sum  of  Present  Value  of  Existing  Assets  Employed 
Sum  of  Present  Value  of  Existing  Assets  Replaced 
Discounted  Terminal  Value 

Sum  of  Present  Value  of  Refurbishment  or  Modification  Eliminated 
Sum  of  Present  Value  Savings  (Adjusted) 

Sum  of  Present  Value  Investment  (Adjusted) 

Savings  -  Investment  Ratio 
Return  on  Investment 
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